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LATERAL BIPOLAR JUNCTION
TRANSISTORS INCLUDING A GRADED
SILICON-GERMANIUM INTRINSIC BASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 63/313,993, filed Feb. 235, 2022,
which 1s hereby incorporated by reference herein in its
entirety.

BACKGROUND

This disclosure relates generally to semiconductor
devices and integrated circuit fabrication and, 1n particular,
to structures for a bipolar junction transistor and methods of
forming a structure for a bipolar junction transistor.

A bipolar junction transistor 1s a multi-terminal electronic
device that includes an emitter, a collector, and an intrinsic
base arranged between the emitter and collector to define
junctions. In a PNP bipolar junction transistor, the emitter
and collector are comprised of p-type semiconductor mate-
rial, and the intrinsic base 1s comprised of n-type semicon-
ductor material. In an NPN bipolar junction transistor, the
emitter and collector are comprised of n-type semiconductor
material, and the intrinsic base 1s comprised ol p-type
semiconductor material. During operation, the base-emitter
junction 1s forward biased, the base-collector junction 1s
reverse biased, and the collector-emitter current may be
controlled with the base-emitter voltage.

A heterojunction bipolar transistor 1s a variant of a bipolar
junction transistor in which the semiconductor materials of
the terminals have different energy bandgaps, which creates
junctions that are heterojunctions. For example, the collector
and emitter of a heterojunction bipolar transistor may be
constituted by silicon, and the 1ntrinsic base of a heterojunc-
tion bipolar transistor may be constituted by silicon-germa-
nium, which 1s characterized by a narrower band gap than
silicon.

Improved structures for a bipolar junction transistor and
methods of forming a structure for a bipolar junction tran-
sistor are needed.

SUMMARY

In an embodiment of the invention, a structure for a lateral
bipolar junction transistor is provided. The structure com-
prises a lirst terminal mncluding a first raised semiconductor
layer on a semiconductor substrate, a second terminal
including a second raised semiconductor layer on the semi-
conductor substrate, and an intrinsic base on the semicon-
ductor substrate. The intrinsic base 1s positioned in a lateral
direction between the first raised semiconductor layer of the
first terminal and the second raised semiconductor layer of
the second terminal. The intrinsic base includes a portion
comprising silicon-germanium with a germanium concen-
tration that 1s graded in the lateral direction.

In an embodiment of the mnvention, a method of forming
a structure for a lateral bipolar junction transistor i1s pro-
vided. The method comprises forming a {first terminal
including a first raised semiconductor layer on a semicon-
ductor substrate, forming a second terminal including a
second raised semiconductor layer on the semiconductor
substrate, and forming an intrinsic base on the semiconduc-
tor substrate that 1s positioned 1n a lateral direction between
the first raised semiconductor layer of the first terminal and
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2

the second raised semiconductor layer of the second termi-
nal. The intrinsic base includes a portion comprising silicon-
germanium with a germanium concentration that 1s graded
in the lateral direction.

BRIEF DESCRIPTION OF THE DRAWINGS

r

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, illustrate various
embodiments of the invention and, together with a general
description of the invention given above and the detailed
description of the embodiments given below, serve to
explain the embodiments of the invention.

FIGS. 1-6 are cross-sectional views of a structure at
successive lfabrication stages ol a processing method 1n
accordance with embodiments of the invention.

FIG. 7 1s a perspective view of a structure 1n accordance
with alternative embodiments of the invention.

DETAILED DESCRIPTION

With reference to FIG. 1 and 1n accordance with embodi-
ments of the invention, a semiconductor substrate 10 1s
comprised of a semiconductor material, such as single-
crystal silicon. A semiconductor layer 12 may be formed by
patterning the semiconductor substrate 10 with lithography
and etching processes, or by patterning an epitaxially-grown
layer. In an embodiment, the semiconductor layer 12 may be
comprised of single-crystal silicon and lack germanium. In
an embodiment, the semiconductor layer 12 may be com-
prised of single-crystal silicon-germanium that has a uni-
form germanium concentration. In an embodiment, the
semiconductor layer 12 may be doped (e.g., lightly doped)
with a concentration of a p-type dopant (e.g., boron) to
provide p-type conductivity. The semiconductor layer 12
may provide a portion of an intrinsic base of the bipolar
junction transistor.

Dielectric spacers 14, 15 may be formed at opposite sides
of the semiconductor layer 12 by anisotropically etching a
deposited conformal dielectric layer. The dielectric spacers
14, 15 may be comprised of a dielectric material, such as
silicon mitride. The dielectric spacers 14, 15 project above a
top surface of the semiconductor layer 12 as an artifact of the
process used to form the semiconductor layver 12, and a
cavity 17 exists above semiconductor layer 12 and laterally
between the dielectric spacer 14 and the dielectric spacer 15.

Semiconductor layers 16, 18 are formed on the semicon-
ductor substrate 10 adjacent to the opposite sides of the
semiconductor layer 12. The semiconductor layers 16, 18
may provide terminals (1.e., an emitter and a collector) of the
bipolar junction transistor. In an embodiment, the semicon-
ductor layer 16 may provide an emitter, and the semicon-
ductor layer 18 may provide a collector. In an alternative
embodiment, the semiconductor layer 16 may provide a
collector, and the semiconductor layer 18 may provide an
emitter.

The semiconductor layers 16, 18 may be comprised of a
semiconductor material, such as single-crystal silicon. The
semiconductor layers 16, 18 may be doped (e.g., heavily
doped) with a concentration of a dopant, such as an n-type
dopant (e.g., phosphorus) to provide n-type conductivity.
The semiconductor layers 16, 18 may be concurrently
formed using an epitaxial growth process and may contain
single-crystal semiconductor material (e.g., single-crystal
silicon).

The dielectric spacer 14 1s positioned 1n a lateral direction
between the semiconductor layer 12 and the semiconductor
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layer 16. The dielectric spacer 13 1s positioned 1n a lateral
direction between the semiconductor layer 12 and the semi-
conductor layer 18. A dielectric layer 20 comprised of, for
example, silicon nitride may be applied that coats the
semiconductor layers 16, 18.

With reference to FIG. 2 1n which like reference numerals
refer to like features in FIG. 1 and at a subsequent fabrica-
tion stage, a tilted 1on implantation 1s performed to implant
ions, as diagrammatically shown by a single-headed arrow
21, into a section 22 of the semiconductor layer 12. The
dielectric spacer 15 blocks the implantation of the ions 21
into another section of the semiconductor layer 12 (1.e., a
non-implanted section that 1s adjacent to the section 22 and
that 1s laterally between the section 22 and the dielectric
spacer 15) due to shadowing of the surface area caused by
the off-normal 1ncidence of the 1ons 21 during 10n 1implan-
tation. The t1lt angle relative to the surface normal 1s chosen
to define the extent of the shadowing by the dielectric spacer
15 and the selectively-implanted volume forming the section
22. In an embodiment, the tilted 1on 1mplantation i1s per-
formed with the semiconductor substrate 10 fixed 1 posi-
tion.

An unimplanted section of the semiconductor layer 12
exists following the formation of the implanted section 22.
In an embodiment, the implanted section 22 may extend
from the top surface of the semiconductor layer 12 partially
through the semiconductor layer 12. In an alternative
embodiment, the implanted section 22 may extend from the
top surface of the semiconductor layer 12 fully through the
semiconductor layer 12. In an embodiment, the implanted
section 22 may include a single atomic layer positioned
proximate to the top surface of the semiconductor layer 12.
In an embodiment, the implanted section 22 may be larger
than the unimplanted section of the semiconductor layer 12.
In an embodiment, the implanted section 22 may be smaller
than the unimplanted section of the semiconductor layer 12.
In an embodiment, the implanted section 22 and the unim-
planted section of the semiconductor layer 12 may have
equal sizes.

The implanted section 22 of the semiconductor layer 12 1s
altered to facilitate a subsequent selective etching process 1n
which the implanted section 22 of the semiconductor layer
12 has a significantly lower etch rate (1.e., a poisoned surface
area). The implantation may change the crystalline structure
of the implanted section 22 of the semiconductor layer 12
(e.g., amorphization) and/or change the material properties
of the implanted section 22 of the semiconductor layer 12
from those of a semiconductor material to those of, or
substantially similar to, a dielectric material. In the latter
regard, the 1ons 21 implanted to form the implanted section
22 may be, or include, galltum, boron, or both elements, and
may be performed using a single implantation or multiple
implantations. In an embodiment, the concentration of
implanted atoms 1n the implanted section 22 may be greater
than or equal to 1x10"” cm™.

With reference to FIG. 3 1n which like reference numerals
refer to like features 1n FIG. 2 and at a subsequent fabrica-
tion stage, a cavity 26 may be formed 1n the semiconductor
layer 12 by a selective etching process that removes the
semiconductor material of the umimplanted section of the
semiconductor layer 12 selective to semiconductor material
of the implanted section 22 of the semiconductor layer 12.
As used herein, the terms “selective” and “selectivity” in
reference to a material removal process (e.g., etching)
denote that the material removal rate (1.e., etch rate) for the
targeted material 1s higher than the material removal rate
(1.e., etch rate) for at least another material exposed to the
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4

material removal process. In an embodiment, the cavity 26
may be formed using a wet chemical etching process that
employs an etchant solution containing potassium hydrox-
ide.

The etching process 1s controlled such that the cavity 26
only penetrates partially through the unimplanted section of
the semiconductor layer 12 in a vertical direction. The cavity
26 1s laterally offset from a vertical centerline of the semi-
conductor layer 12 and defines an open space 1n conjunction
with the cavity 17. The implanted section 22 of the semi-
conductor layer 12, which 1s modified by the implanted 10ns
21, functions as an etch stop such that the cavity 26 1is
positioned 1 a lateral direction between the implanted
section 22 and the dielectric spacer 15.

With reference to FIG. 4 1n which like reference numerals
refer to like features 1n FIG. 3 and at a subsequent fabrica-
tion stage, a semiconductor layer 28 1s formed within the
cavity 26 adjacent to the implanted section 22 of the
semiconductor layer 12, as well within the cavity 17 over the
semiconductor layer 12. The semiconductor layer 28 may be
comprised of a single-crystal semiconductor material that 1s
epitaxially grown from the exposed surfaces of the semi-
conductor layer 12. The semiconductor layer 28 includes a
portion inside the cavity 17 and a portion inside the cavity
26. In an embodiment, the semiconductor layer 28 may be
comprised of silicon-germanium including silicon and ger-
mamum with the silicon content ranging from 95 atomic
percent to 50 atomic percent and the germanium content
ranging from 5 atomic percent to S0 atomic percent. In an
embodiment, the germamum content of the semiconductor
layer 28 may be uniform or substantially uniform over its
volume. The semiconductor layer 28 may be 1n situ doped
during epitaxial growth with a concentration of a dopant,
such as a p-type dopant (e.g., boron) that provides p-type
conductivity. In an embodiment, the semiconductor layer 28
may be uniformly doped during epitaxial growth. The semi-
conductor layer 28, which provides a contribution to the
intrinsic base of the bipolar junction transistor, directly
contacts the adjacent sections (including the implanted sec-
tion 22) of the semiconductor layer 12.

With reference to FIG. 5 1n which like reference numerals
refer to like features 1n FIG. 4 and at a subsequent fabrica-
tion stage, a thermal process, such as a rapid thermal anneal,
1s used to cause germanium to diffuse outwardly from the
semiconductor layer 28 into a portion 30 of the semicon-
ductor layer 12. The portion 30 may include all or part of the
implanted section 22. The diflusion of germanium into the
portion 30 of the semiconductor layer 12 may occur 1n a
lateral direction and 1 a vertical direction. The offset
positioning of the portion of the semiconductor layer 28
inside the cavity 26 adjacent to the semiconductor layer 18
results 1n an asymmetrical profile for the germanium that 1s
laterally and vertically diffused into the portion 30 of the
semiconductor layer 12. The thermal process may be con-
trolled such that germanium does not difluse 1nto a portion
of the semiconductor layer 12 that 1s positioned between the
portion 30 and the semiconductor substrate 10. The portion
of the semiconductor layer 12 that lacks diffused germanium
1s positioned adjacent to the semiconductor substrate 10.

An interface 31 1s defined between the portion 30 of the
semiconductor layer 12 that includes diffused germanium
and the portion of the semiconductor layer 12 that lacks
diffused germanium. Although the interface 31 i1s diagram-
matically shown as inclined 1n FIG. 5, the interface 31 may
have a different shape, such as a shape with a degree of
curvature or an irregular shape. At and along the interface
31, the germanium concentration in the portion 30 of the
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semiconductor layer 12 has a minimum value and transitions
from the germanium concentration in the portion 30 to the
germanium concentration, i any, i the portion of the
semiconductor layer 12 that lacks diffused germanium. The
portion 30 of the semiconductor layer 12 with the multi-
directional germanium gradient may extend in a lateral
direction from the dielectric spacer 14 to the dielectric
spacer 13.

The germanium concentration in the portion 30 of the
semiconductor layer 12 1s graded 1n a lateral direction and 1s
also graded 1 a vertical direction. In that regard, the
germanium concentration in the portion 30 may decrease
with increasing distance from the semiconductor layer 28 in
a lateral direction, and the germanium concentration in the
portion 30 may decrease with increasing distance from the
semiconductor layer 28 1n a vertical direction. In an embodi-
ment, the germanium concentration 1n the portion 30 may
exhibit a 50 percent decrease per 10 nanometers of distance
in a direction from the semiconductor layer 28 toward the
interface 31. In an embodiment 1n which the semiconductor
layer 12 1s mitially comprised of silicon and lacks germa-
nium, the graded germanium profile 1 the portion 30 of the
semiconductor layer 12 may exhibit a maximum concentra-
tion adjacent to the semiconductor layer 18 (e.g., the col-
lector) and a minimum concentration (e.g., 0 atomic percent)
at the interface 31, which 1s adjacent to the semiconductor
layer 16 (e.g., the emitter). In an embodiment in which the
semiconductor layer 12 1s mitially comprised of silicon-
germanium with a uniform or substantially uniform germa-
nium concentration, the minimum germanium concentration
at the 1mterface 31 may be equal to the germanmium concen-
tration 1n the portion of semiconductor layer 12 that lacks
diffused germanium. The germanium concentration in the
semiconductor layer 28, following the thermal process, may
be umiform or substantially uniform and greater than or
equal to the maximum germanium concentration 1n the
portion 30 of the semiconductor layer 12.

With reference to FIG. 6 1n which like reference numerals
refer to like features in FIG. 5 and at a subsequent fabrica-
tion stage, a semiconductor layer 32 1s formed over the
semiconductor layer 28. In an embodiment, the semicon-
ductor layer 32 may be positioned fully above the semicon-
ductor layer 28 of the intrinsic base such that the intrinsic
base 1s positioned 1n a vertical direction between the semi-
conductor layer 32 and the semiconductor substrate 10. The
semiconductor layer 32 may be comprised of a heavily-
doped semiconductor material, such as polysilicon that is
heavily doped with a concentration of a p-type dopant (e.g.,
boron) to provide p-type conductivity. The semiconductor
layer 32 may provide an extrinsic base of the bipolar
junction transistor.

The resultant structure 1s a lateral bipolar junction tran-
sistor that includes a laterally-arranged emuitter, base, and
collector. The semiconductor layers 16, 18 constitute the
emitter and collector of the lateral bipolar junction transistor.
The portion 30 of the semiconductor layer 12, the portion of
the semiconductor layer 12 that lacks diffused germanium,
and the semiconductor layer 28 may provide different por-
tions of an intrinsic base of the lateral bipolar junction
transistor. The germanium concentration in the portion 30 of
the semiconductor layer 12 1s graded 1n a lateral direction
between the semiconductor layer 28 and the interface 31,
and 1s also graded in a vertical direction between the
semiconductor layer 28 and the interface 31. In the repre-
sentative embodiment, the semiconductor layers 16, 18 may
contain an n-type dopant, and the semiconductor layers 12,
28, 32 may contain a p-type dopant. In an alternative
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embodiment, the semiconductor layers 16, 18 may contain a
p-type dopant, and the semiconductor layers 12, 28, 32 may
contain an n-type dopant.

With reference to FIG. 7 1n which like reference numerals
refer to like features m FIG. 6 and in accordance with
alternative embodiments, the semiconductor layer 12 and
the semiconductor layer 28 may constitute a {in structure 34
projecting 1n a vertical direction from the semiconductor
substrate 10. The fin structure 34 has a width W and a length
L that 1s greater than the width. The lateral grading of the
germanium concentration in portion 30 of the semiconductor
layer 12 may extend 1n a direction along the length of the fin
structure 34. In an embodiment, the semiconductor layers
16, 18 may have a faceted shape.

The methods as described above are used 1n the fabrica-
tion of integrated circuit chips. The resulting integrated
circuit chips can be distributed by the fabricator 1n raw wafer
form (e.g., as a single wafer that has multiple unpackaged
chips), as a bare die, or 1n a packaged form. The chip may
be integrated with other chips, discrete circuit elements,
and/or other signal processing devices as part of etther an
intermediate product or an end product. The end product can
be any product that includes integrated circuit chips, such as
computer products having a central processor or smart-
phones.

References herein to terms modified by language of
approximation, such as “about”, “approximately”, and “sub-
stantially”, are not to be limited to the precise value speci-
fied. The language of approximation may correspond to the
precision of an instrument used to measure the value and,
unless otherwise dependent on the precision of the instru-
ment, may indicate a range of +/-10% of the stated value(s).

References herein to terms such as “vertical”, “horizon-
tal”, etc. are made by way of example, and not by way of
limitation, to establish a frame of reference. The term
“horizontal” as used herein 1s defined as a plane parallel to
a conventional plane of a semiconductor substrate, regard-
less of 1ts actual three-dimensional spatial orientation. The
terms “vertical” and “normal” refer to a direction perpen-
dicular to the horizontal, as just defined. The term ““lateral”
refers to a direction within the horizontal plane.

A feature “connected” or “coupled” to or with another
feature may be directly connected or coupled to or with the
other feature or, instead, one or more 1ntervening features
may be present. A feature may be “directly connected” or
“directly coupled” to or with another feature if intervening
features are absent. A feature may be “indirectly connected”
or “indirectly coupled” to or with another feature 1 at least
one intervening feature 1s present. A feature “on” or “con-
tacting” another feature may be directly on or in direct
contact with the other feature or, instead, one or more
intervening features may be present. A feature may be
“directly on” or 1n “direct contact” with another feature 1f
intervening features are absent. A feature may be “indirectly
on” or 1n “indirect contact” with another feature 11 at least
one intervening feature 1s present. Diflerent features may
“overlap” 1 a feature extends over, and covers a part of,
another feature with either direct contact or indirect contact.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
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nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:

1. A structure for a lateral bipolar junction transistor, the
structure comprising:

a semiconductor substrate;

a {irst terminal including a first raised semiconductor layer

on the semiconductor substrate;

a second terminal including a second raised semiconduc-
tor layer on the semiconductor substrate; and

an intrinsic base including a first portion, a second por-
tion, and a third portion, the first portion of the intrinsic
base positioned 1n a lateral direction between the first
raised semiconductor layer of the first terminal and the
second raised semiconductor layer of the second ter-
minal, the first portion of the intrinsic base positioned
in a vertical direction between the third portion of the
intrinsic base and the second portion of the intrinsic
base, the second portion of the intrinsic base positioned
in the vertical direction between the first portion of the
intrinsic base and the semiconductor substrate, the first
portion of the intrinsic base comprising silicon-germa-
nium with a first germanium concentration that 1s
graded 1n the lateral direction, and the third portion of
the intrinsic base comprising silicon-germanium with a
second germanmium concentration that 1s greater than a
maximum value of the first germanium concentration.

2. The structure of claim 1 wherein the first germanium
concentration in the first portion of the intrinsic base 1is
graded in the vertical direction relative to the semiconductor
substrate.

3. The structure of claim 1 wherein the intrinsic base
includes a fin structure that projects 1n the vertical direction
from the semiconductor substrate.

4. The structure of claim 3 wherein the fin structure has a
length and a width, and the grading of the first germanium
concentration 1n the first portion of the intrinsic base extends
along the length of the fin structure.

5. The structure of claim 1 further comprising;

a first dielectric spacer positioned in the lateral direction
between the first raised semiconductor layer and the
first portion of the intrinsic base: and

a second dielectric spacer positioned 1n the lateral direc-
tion between the second raised semiconductor layer and
the first portion of the intrinsic base,

wherein the first portion of the intrinsic base extends from
the first dielectric spacer to the second dielectric spacer.

6. The structure of claim 1 wherein the first germanium
concentration 1n the first portion of the intrinsic base
decreases 1n a direction from the first raised semiconductor
layer to the second raised semiconductor layer.

7. The structure of claim 6 wherein the first terminal 1s a
collector of the bipolar junction transistor, and the second
terminal 1s an emitter of the bipolar junction transistor.

8. The structure of claim 1 further comprising;

an extrinsic base on the third portion of the intrinsic base,
the extrinsic base comprising a heavily-doped semi-
conductor matenal.

9. The structure of claim 1 wherein the second portion of
the intrinsic base comprises silicon-germanium with a third
germanium concentration that 1s substantially uniform and
that 1s less than a minimum value of the first germanium
concentration.

10. The structure of claim 1 wherein the second portion of
the intrinsic base comprises silicon and lacks a germanium
concentration.
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11. A structure for a bipolar junction transistor, the struc-
ture comprising:

a semiconductor substrate;

a first terminal including a first raised semiconductor layer

on the semiconductor substrate;

a second terminal including a second raised semiconduc-

tor layer on the semiconductor substrate; and

an 1ntrinsic base including a first portion and a second

portion, the first portion of the intrinsic base positioned
in a lateral direction between the first raised semicon-
ductor layer of the first terminal and the second raised
semiconductor layer of the second terminal, the second
portion of the intrinsic base positioned in a vertical
direction between the first portion of the intrinsic base
and the semiconductor substrate, and the first portion of
the intrinsic base comprising silicon-germanium with a
first germanium concentration that 1s graded in the
lateral direction,

wherein the first portion of the intrinsic base and the

second portion of the intrinsic base adjoin along an
interface, and the first germanium concentration has a
minimum value at the interface.

12. The structure of claim 11 wherein the first germanium
concentration in the first portion of the intrinsic base 1is
graded 1n the vertical direction relative to the semiconductor
substrate.

13. The structure of claim 11 wherein the first germanium
concentration in the first portion of the intrinsic base
decreases 1n a direction from the first raised semiconductor
layer to the second raised semiconductor layer.

14. A method of forming a structure for a lateral bipolar
junction transistor, the method comprising:

forming a first terminal including a first raised semicon-

ductor layer on a semiconductor substrate;

forming a second terminal including a second raised

semiconductor layer on the semiconductor substrate;
and

forming an intrinsic base including a first portion and a

second portion, wherein the first portion of the intrinsic

base 1s positioned on the semiconductor substrate in a

lateral direction between the first raised semiconductor

layer of the first terminal and the second raised semi-
conductor layer of the second terminal, and the second
portion of the intrinsic base positioned in a vertical
direction between the first portion of the intrinsic base
and the semiconductor substrate, the first portion of the
intrinsic base comprises silicon-germanium with a first
germanium concentration that 1s graded in the lateral
direction, the first portion of the intrinsic base and the
second portion of the intrinsic base adjoin along an
interface, and the first germanium concentration has a
minimum value at the interface.

15. The method of claim 14 wherein the first germanium
concentration in the first portion of the intrinsic base 1is
graded 1n the vertical direction relative to the semiconductor
substrate.

16. The method of claim 14 wherein forming the 1ntrinsic
base including the first portion that 1s positioned on the
semiconductor substrate 1n the lateral direction between the
first raised semiconductor layer of the first terminal and the
second raised semiconductor layer of the second terminal
COmprises:

depositing a first layer comprised of a first semiconductor

material;

implanting a first section of the first layer; and

removing a second section of the first layer that 1s adjacent

to the first section to define a cavity.
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17. The method of claim 16 wherein implanting the first
section of the first layer comprises:

performing a tilted implantation of boron or gallium 1nto

the first section of the first layer.

18. The method of claim 17 wherein removing the second 5
section of the first layer that 1s adjacent to the first section to
define the cavity comprises:

performing a wet chemical etching process using an

ctchant comprising potassium hydroxide.

19. The method of claim 16 further comprising: 10

depositing a second layer comprised of a second semi-

conductor material containing a second germanium
concentration, wherein the second layver includes a
portion 1nside the cavity; and

performing a thermal process to cause germanium to 15

diffuse 1n the lateral direction from the second layer
into the first layer.

20. The method of claim 19 wherein the thermal process
causes the germanium to diffuse from the second layer into
the first layer. 20
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